Frequent Pap testing is recommended among women living with HIV (WLWH) due to their elevated risk for cervical cancer. However, there are few recent longitudinal evaluations of utilization and determinants of Pap testing among WLWH. Medical and pathology records of WLWH seen at Johns Hopkins Hospital between 2005 and 2014 were assessed using Prentice, Williams, Peterson models.
Introduction
In 2012, the Centers for Disease Control estimated about 284, 500 women were living with HIV (WLWH) in the United States (US) [1] . Even with tremendous improvements in clinical management of HIV, WLWH still represent an important high-risk subgroup for cervical cancer with the current incidence of cervical cancer among WLWH being 4-fold higher than that of the general population [2] . Additionally, treatment response and survival rates are much lower among WLWH diagnosed with cervical cancer than for women in the general population [3] [4] [5] . Thus, routine Pap testing is recommended and is important for all WLWH.
Until recently, screening guidelines for WLWH were similar to those for the general population, suggesting annual Pap testing, except for women newly diagnosed with HIV who were recommended to receive a Pap test twice in the first year post HIV diagnosis [6, 7] . More recently, guidelines in the general population have changed to suggest Pap testing every three years after a normal Pap [8, 9] . Guidelines in WLWH also changed in 2015 to suggest a three-year follow-up interval among women with three consecutive normal Pap test results [10] . However, by virtue of their higher risk, annual Pap testing is still recommended for WLWH with one or two consecutive normal Pap tests results [10] .
The United States Preventive Services Task Force, in its 2012 report to congress, identified the limited evidence base on utilization of cervical cancer screening as one of the barriers to effective prevention and control in the US [11] . Indeed, among women diagnosed with cervical cancer in the US, most women were enrolled and regularly accessing healthcare services but were never screened (50%) or underscreened (10%) in the years prior to diagnosis [12] [13] [14] [15] . Further, despite the recommendation for frequent Pap testing among WLWH, some previous studies suggest that Pap testing remains underutilized even for WLWH enrolled in clinical care [16] [17] [18] [19] [20] . Initial studies exploring barriers to Pap testing among WLWH identified older age, blacks and other racial minorities, low socioeconomic status, low CD4 cell count and low level of education to be associated with the under utilization of Pap test services by WLWH [16, 17, 19, 21] .
In one of the largest studies to date of Pap test utilization among WLWH, a cross-sectional survey of WLWH across 18 US states reported a sizable proportion (23%) of women did not receive Pap testing [17] . Focus group interviews on utilization of gynecologic services by WLWH at the Moore clinic of Johns Hopkins in 2008 suggested 22% of women never received a Pap test in the preceding year [18] . Relying solely on electronic records a study of WLWH in care at the Boston Medical Center reported an even higher proportion (47%) of women not receiving annual Pap testing [16] . These previous studies of Pap test utilization among WLWH have however, been largely cross-sectional in nature, relied on self-reports or followed WLWH for a relatively short period of time [16, 18, 19, [22] [23] [24] [25] . Thus, to address these limitations, this current study evaluated the utilization and determinants of cervical Pap testing among WLWH enrolled in care at Johns Hopkins Hospital (JHH) over the previous 10-years.
Materials and methods

Study design and population
A longitudinal study of WLWH enrolled in clinical care within a retrospective 10-year period, from January 1, 2005 to December 31, 2014 was performed. This study utilized data collected as part of the Moore Clinic cohort, which is comprised of people living with HIV in Baltimore, who are followed up longitudinally through medical record based abstraction of demographic, behavioral and clinical data at regular six months intervals [26] . The clinic funds care for uninsured and under insured people living with HIV through the Congressional Ryan White Care Act Title I, II and IV Programs. Among 669 women in the cohort and in care during this timeframe, the analysis was restricted to 554 WLWH who were: at least 18 years old, had basic demographic information available in their medical records and had clinical followup for at least 18 months (to allow an opportunity to be screened). For 54 women who met the inclusion criteria and were newly diagnosed with HIV, only data collected on or after their HIV diagnosis were utilized in this study, data prior to their diagnosis was excluded.
Outcome
The primary outcome of interest for this study, receipt of a Pap test, was defined using a binary indicator (yes or no). As this was a recurring outcome, women could experience multiple Pap tests during clinical follow-up. After every Pap test each woman was considered to be at risk for her next event (Pap test) until the end of time spent in clinical care or until the end of the 10-year period.
Although within the period studied all WLWH were recommended to have at least an annual Pap test; to be specific in our definition of underscreening we allowed a window of 18 months before considering a participant as not having received an annual Pap. Further, to ensure accuracy of data used in this study, individual medical records were linked to JHH pathology data using unique patient identifiers. Our study period, January 2005 to December 2014, preceded the September 2015 change in guideline recommendations for WLWH.
Determinants of Pap testing
Information assessed at entry and treated as fixed variables included: smoking status (current or never/former), injection drug use (yes or no), race (black, white or other), date of HIV diagnosis, and body mass index (BMI) calculated using recorded weight and height (underweight/normal: ≤ 24.9, overweight: 25-29.9 or obese≥ 30.0). Time-varying variables evaluated at entry and at each screening visit, included: type of health insurance (public {Medicare/Medicaid}, private, Ryan White health insurance and uninsured/out of pocket payment) and current CD4 cell count. At screening visits where information on time varying variables was not available, information about those variables from a preceding visit was utilized. Results of the preceding Pap test were also assessed at each screening visit and categorized as: normal ("negative for intraepithelial lesion or malignancy"), atypical squamous cells of undetermined significance (ASC-US) or atypical glandular cells of undetermined significance (AGUS), low-grade squamous intraepithelial lesions (LSIL) and high-grade squamous intraepithelial lesions (HSIL) or atypical squamous cells-cannot exclude HSIL (ASC-H) [27] .
Statistical analyses
Participants were described at entry using median values with corresponding interquartile range (IQR) estimates for continuous variables and percentages for categorical variables. The total number of Pap tests received during follow-up and the median time interval between each Pap test were also assessed. A Kruskal-Wallis test was used to compare median Pap test intervals by order of Pap test received and by results of the preceding Pap test. Linear trends were assessed using a nonparametric test for trend.
Prentice, Williams, Peterson gap time models (PWP-GT) were used to evaluate the determinants of Pap testing and follow-up for each woman was divided into multiple sets of time between Pap tests. These PWP-GT models are multiple failure time to event models that use a conditional risk set approach of time since each prior event to account for the multiple time periods within the same women at risk for Pap testing [28, 29] . PWP-GT are variance corrected models, which adjust the covariance matrix of estimators to account for the dependent nature of the outcome [28] .
The unadjusted hazard ratio (HR) and 95% confidence interval (95% CI) for each factor were assessed. Factors observed to be significant in the unadjusted analyses and those identified by previous studies were included in the adjusted analysis. The adjusted model from which adjusted hazard ratios (aHR) were obtained included age, race, injection drug use, number of years since HIV diagnosis and preceding Pap test results, CD4 cell count and type of health insurance. Goodness of fit for the adjusted model was evaluated using Cox-Snell residuals [30] .
All statistical tests were two sided with a significance threshold of pvalue < 0.05 and all continuous measures were rescaled using multiples of ten to allow for easy interpretation of the observed associations. All data management and analyses were carried out in STATA 14 [31] . The institutional review board of Johns Hopkins Medical Institutions approved this study.
Results
Study population
There were 554 WLWH who contributed a total of 3177 personyears to the study and these participants were followed for a median of 5.7 years (IQR:3.7-7.9). Forty-two percent of women were in care and entered our analysis in the first year of the 10-year study period (2005-06), another 25% entered the study in the 2007-2008 time period while 21% entered the study in the 2009-2010 time period (Table 1) . At entry, participants had a median age of 41 years (IQR:34-48), were predominantly black (79%), and many reported a current smoking status (57%) ( Table 1 ). Median CD4 count at entry was 307 cells/μL (IQR:127-510) and median HIV viral load at entry was 7712 copies/mL (IQR:400-53693).
Utilization of Pap testing
Although a large proportion of WLWH received Pap testing (79%), a sizeable proportion of women (21%) never received Pap testing during study follow-up ( Fig. 1a ). Among those who received at least one Pap test some women received only one or two (31%) Paps, while others had three (12%), four (10%) and five or more (26%) Pap tests during follow-up ( Fig. 1a ).
As expected, women who were in care for a longer period were more likely to receive Pap testing than women with a shorter time in care (Fig. 1b) . Median time in care for women who received at least one Pap test during follow-up was 5.1 years (IQR:3-6.9) compared to 3.8 years (IQR:2.3-5.7) among women who never received a Pap test during clinical follow-up at JHH. The total number of Pap tests received increased linearly with a longer median time in care ( Fig. 1b ; np trend < 0.001).
The overall median interval between successive Pap tests during follow-up was 11.3 months (IQR:6.2-17.2). However, median time from entry to the first Pap was longer (17.9 months; IQR:12.0-32.6, Fig. 2 ) than the recommended annual interval and women who had only one Pap had a longer median time from entry to Pap than women who had 2 or more Pap tests (19.6 vs 7.6 months). After the first Pap, median interval remained fairly consistent between subsequent Pap tests and with guideline recommendations (Fig. 2) .
Using a more stringent definition of screening based on the recommended annual interval, only 11% of women consistently received Pap test according to guideline recommendations. This was 19% of women who received two or more Paps during follow-up, highlighting the potential for underscreening. Also of note, 5% of women consistently received Pap test at intervals longer than 18 months.
Results of 60% of the 1410 Pap tests conducted during follow-up were normal. Abnormal Pap results included ASC-US/AGUS (13% of all Paps), LSIL (13%), and HSIL/ASC-H (7%). Nine (< 1%) of the Pap tests received did not have documented results.
Median interval between consecutive Pap tests varied significantly (p < 0.001) by results of the preceding Pap test. For women with a normal result in the preceding Pap test, median interval to the subsequent Pap was 14.3 months (IQR: 10.7-20.5) ( Fig. 3 ). However, for women with an abnormal Pap result, this interval was shorter. Specifically, median interval for women with a preceding Pap test result of ASC-US/AGUS, LSIL or HSIL/ASC-H was 12.0 months (IQR:8.0-20.1), 11.1 months (IQR:7.2-16.5) and 11.0 months (IQR:8.7-16.5) respectively. For women with an unknown Pap test result this interval was 13.8 months (IQR:10.8-18.2).
Determinants of Pap testing
Several determinants of Pap test utilization were identified ( Table 2 ). In the unadjusted analysis older age (per decade, HR = 0.90, 95%CI:0.85, 0.95), white women (HR = 0.84, 95%CI:0.72, 0.99), injection drug users (HR = 0.79, 95%CI: 0.68, 0.91), women diagnosed with HIV for a longer time (per decade, HR = 0.93, 95%CI:0.79, 0.96) and those with a higher CD4 cell count (per 100 cells/ μL, HR = 0.98, 95%CI: 0.96, 1.00) were all significantly less likely to receive a Pap test, each p < 0.05. In contrast, women with Ryan White health insurance coverage compared to women with Medicaid/Medicare (HR = 1.27, 95%CI:1.06, 1.52) and those with a previous abnormal Pap test result (compared to a normal) of either ASC-US/AGUS (HR = 1.47, 95%CI:1.22, 1.76), LSIL (HR = 1.75, 95%CI:1.45, 2.10) or HSIL/ASC-H (HR = 2.22, 95%CI:1.55, 3.17) were more likely to receive a Pap test. Compared to current smokers, never and former smokers were also more likely to receive a Pap test (HR = 1.14, 95%CI:1.00, 1.30).
In the adjusted analysis, older age (aHR = 0.93, 95%CI:0.89, 0.98), white race (aHR = 0.85, 95%CI:0.72, 1.00), injection drug users (aHR = 0.80, 95%CI:0.70, 0.93) and women who had lived with HIV for a longer time (aHR = 0.90, 95%CI:0.81, 0.99) remained significantly less likely to receive a Pap test. Conversely, women with a previous abnormal Pap test result of ASC-US/AGUS (aHR = 1.40, 95%CI:1.14, 1.72), LSIL (aHR = 1.76, 95%CI:1.45, 2.13) or HSIL/ASC-H (aHR = 1.93, 95%CI:1.40, 2.66) remained significantly more likely to receive a Pap test. After adjusting for other variables, CD4 cell count and insurance were not predictors of Pap testing ( Table 2) .
Discussion
In our longitudinal assessment of Pap testing among WLWH enrolled in clinical care, we observed that 21% of WLWH did not receive Pap testing during follow-up. Additionally, only 11% of women consistently received a Pap test at the recommended annual interval and 5% were consistently underscreened. The likelihood of receiving a Pap test for WLWH enrolled in clinical care was associated with some of the socio-demographic, clinical and behavioral factors examined. Older women, white women, intravenous drug users and women who had lived with HIV for a longer time were less likely to receive a Pap test. These findings contribute to the existing evidence base on Pap test utilization among WLWH enrolled in clinical care. They suggest groups that may need to be closely monitored to ensure receipt of Pap testing as recommended.
The associations observed between older age, injection drug use and a decreased likelihood of receiving a Pap test are consistent with findings of previous studies that have also examined these demographic and behavioral risk factors [16, 18, 32] . Even though Pap testing is recommended throughout a WLWH's life [10] , older women are often perceived to have a lower risk of cervical cancer making them less likely to receive Pap testing. Compared to non-users, injection drug users living with HIV have been noted to only partially engage in care [33] and as such may not have the opportunity to receive all the required medical services. This might explain the decreased association observed between injection drug use and the receipt of Pap testing. Although several previous studies have reported white WLWH are more likely of receiving Pap testing compared to black WLWH, we observed a marginally lower likelihood of screening among white WLWH. This finding is consistent with a previous study conducted in an urban health facility, which reported a twofold increased odds of non-adherence among white WLWH compared to black WLWH [16] . This may in part reflect differential healthcare access and the demographic profile of urban black WLWH compared to black WLWH residing in other settings [34, 35] . Our finding of a decreased likelihood of Pap testing among women with a longer time since HIV diagnosis, independent of older age, has not been previously reported. This decrease is potentially a result of the greater number of competing health priorities that develop as people live longer with HIV, which decreases their likelihood of receiving Pap testing. Similar to what we found, some studies have identified a prior abnormal Pap result as a predictor of future screening in both the general population [36, 37] and WLWH [16, 38] . We could not in this study differentiate whether the increased screening was driven by provider or patient motivations for screening.
The proportion of unscreened women in our study is higher than that reported for the general US population [39] and falls well above the healthy people 2020 target of 7% [40] . However, the proportion of unscreened women observed in our study is consistent with previous studies reporting 19-25% of WLWH in the United States do not receive Pap testing [16, 17, 19, 25] . Our findings suggest that even when WLWH are in care for long periods of time, some WLWH remain underscreened or unscreened. This study could not however evaluate whether women were refusing screening when offered.
Pap test intervals (i.e. the time interval between Pap tests) for WLWH have not been widely assessed and reported on. To our knowledge this is one of the few evaluations of time intervals between Pap test for WLWH. Although the median interval between Pap test for the entire follow-up period was fairly consistent with the guideline recommendations within our study period [7] , the proportion of women consistently screened throughout clinical follow-up at or around the recommended annual interval was low. Some women were consistently underscreened and the time interval between Pap tests varied widely for the first few Paps. This suggests that although a sizeable proportion of WLWH receive Pap testing regularly while in care, there are WLWH who are infrequently screened and have much longer Pap tests intervals than is recommended.
This study has several strengths including its use of a comprehensive longitudinal history of Pap testing, confirmed using pathology records. Unlike previous studies, the 10-year period evaluated in this study allowed description of screening patterns and the time between Pap tests to be assessed. However, this study may not have captured Pap test received outside of JHH, we cannot exclude the possibility that some women were screened elsewhere and therefore the prevalence of underscreening may have been overestimated. To minimize the potential for this to occur, our analyses were restricted to participants who were enrolled in primary care for at least 18 months. Additionally, most (~85%) of the cohort participants in this study are known to access all of their healthcare needs through the Johns Hopkins network [26] . This study could not evaluate variables not routinely captured in medical records on factors such as patient understanding of the importance of Pap testing or their personal or physical barriers to accessing screening.
Conclusions
Our findings provide additional evidence that although most WLWH receive Pap testing, some women in clinical care are not screened and some women receive Pap testing at intervals longer than recommended. Characteristics of WLWH least likely to receive Pap testing include older women, women with a longer time since HIV diagnosis, injection drug users and white women. These present potential targets in an urban HIV care setting for closer monitoring and directed interventions to improve Pap screening in WLWH.
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